Introduction
Primary headache is a very common and relevant health problem all over the world causing enormous human, psychosocial, and economic burden for the sufferers and the society. 1 In Germany, the estimates for the headache prevalence among adolescents range between 48 and 83%. [2] [3] [4] [5] [6] [7] The prevalence of headache increases with age [8] [9] [10] [11] and is higher in females [12] [13] [14] [15] and adolescents aiming at higher education. 3 Several epidemiological studies stated that headache sufferers also report additional associated symptoms, conditions, and comorbidities such as abdominal pain, 4, [15] [16] [17] [18] musculoskeletal (back, neck, or shoulder) pains, 4, 15, 18 vertigo, 16, 19 sleep problems, 15, 17, 19, 20 tiredness, 19 or psychosocial complaints in adolescents was also measured, therefore providing the opportunity to assess the interrelation of headache with other health complaints and the specificity of the risk factors for headache in adolescents. Several risk factors for headache were identified in epidemiological studies in children and adolescents. 4, 10, [21] [22] [23] [24] [25] [26] [27] Some of them such as genetic and climate factors are not influenceable. Others such as dietary and lifestyle factors can be targeted by interventions suggesting that the burden of headache might be reduced by successful preventive intervention. In a data set on German adolescents, 28 we recently identified several dietary and lifestyle factors associated with headache in grammar school students that might be amenable to interventions: smoking, consumption of coffee or alcoholic cocktails, and low physical activity. In addition, it has been shown that muscle pain and chronic stress are related to headache in adolescents.
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It is unclear, however, whether the identified risk factors are specific for headache in adolescents or not. Unspecific risk factors might be an indication that headache has to be considered as a prominent symptom within a complex of health complaints related to, for example, stress and other risk factors.
There are some individuals exhibiting only headache and no other health complaints. Now the question is whether the spectrum of risk factors is disjunctive between these adolescents with isolated headache and adolescents with headache in combination with other health complaints. This seems to be important with respect to our concept of headache. Is headache the tip of the iceberg in adolescents with a mixture of health complaints as suggested from the observation that most individuals with headache present additional health complaints as well? This concept would be further substantiated by identical risk factors. These questions were not addressed in previous analyses of the data set. The present analyses link other health complaints with headache and the potentially risk factors. In addition, the strength of these associations is compared with them between isolated headache and the risk factors to answer the main research question: Are the identified potentially preventable risk factors for headache in adolescents specific?
Patients and Methods

Study Sample and Procedure
The population-based cross-sectional study was performed on students from grades 10 and 11 (aged between 14 and 20 years) from public grammar schools in Munich, Germany. All principals from the 37 public grammar schools in Munich were informed about the study and were invited to participate. Eleven principals declared consent that their students from grades 10 and 11 can be invited for participation in the study and they named a contact person (teacher, school psychologist) at their school. The students and their parents were informed about the study by a letter distributed by the contact person. The parents signed an informed consent allowing their child to participate in the study. Contact persons collected these consent forms and stored them at school. For data safety, study members did neither obtain any individual information on the potential participants nor gain insight into the informed consent forms.
The data were collected by means of a self-administered questionnaire during a regular school hour in class between October 2008 and February 2009. On the day of data collection, contact persons or class teachers identified those students whose parents had given written consent. Consent of the participants themselves was assumed when they handed over the completed questionnaires to the study members. Off all students present on the respective day of data collection, 94.8% agreed to fill in the questionnaire. The exact sampling procedure is described elsewhere in detail. 29 The approval for the presented cross-sectional study was obtained from the Data Safety Officer and the Ethic Committee (082-08) from the Medical Faculty of the Ludwig-Maximilians-University Munich and the Bavarian Ministry for Education and Culture.
Instruments
Headache classification. Items of the headache questionnaire were based on the German translation of the International Classification of Headache Disorders-2nd edition (ICHD-II).
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A positive answer to the screening question "Did you have headache during the last six months?" identified adolescents with or without headache. Students with any headache answered further questions regarding frequency, duration, characteristics, and symptoms of their headache. On the basis of the criteria of ICHD-II, a classification of pure migraine (including the subtypes migraine with or without aura, chronic migraine, probable migraine, and probable chronic migraine) and pure tension-type headache (TTH, including the subtypes infrequent episodic TTH, frequent episodic TTH, chronic TTH, probable infrequent episodic TTH, probable frequent episodic TTH, and probable chronic TTH) were given. A double diagnosis of combined migraine and TTH could arise in subjects fulfilling the diagnostic criteria for both probable (chronic) migraine and probable (episodic or chronic) TTH that require compliance with all but one of the respective diagnostic criteria for migraine or TTH. All other subjects with headache who did not match any of these classifications for primary headache were considered to have miscellaneous headache (MH). The headache-type MH was excluded from further analyses because of too few cases (n ¼ 55). Headache sufferers who did not report any other health complaint (i.e., musculoskeletal pains, psychic complaints, possible fatigue syndrome, dizziness or abdominal pain, as defined below) were classified as isolated headache. Health complaints. Health complaints were assessed with the complaints list from von Zerssen (Die Beschwerden-Liste, 20 items) 32 and seven additional items (back, neck, or shoulder and abdominal pain, feelings of pressure or bloating in the abdomen, heartburn or acid regurgitation, menstrual molimen, and other pains). For each of the 27 items, all students were asked to rate their personal severity on a 4-point Likert scale (severe, moderate, scarcely, not at all). For analyses, the dimensions were dichotomized (severe/moderate vs. scarcely/ not at all). The definition of relevant health complaint groups was guided by two principles: (1) confinement to the most common health complaints and (2) consistency within greater categories. The health complaints that were most frequently described by the participants were summarized on the basis of medical or psychological coherence into three different complaints groups: musculoskeletal pains, possible fatigue syndrome, and psychic complaints. The group musculoskeletal pains is based on the complaints list questions pertaining to back pain and/or neck or shoulder pain. The group psychic complaints is based on a positive answer to at least one of the questions to brooding and/or inner restlessness. In the case that the participants reported at least three of the following five single symptoms, they were classified as possible fatigue syndrome: feeling of weakness, fatigue, irritability, excessively high sleep requirement, and insomnia. Dizziness and abdominal pain were separately assessed in the complaints list. For further analyses, the health complaints, respectively complaints groups, were further summarized as any health complaints (at least one of the following: dizziness, abdominal pain, musculoskeletal pains, possible fatigue syndrome, and psychic complaints), excluding any headache. Risk factors. The questionnaire covered as possible risk factors items on dietary habits and lifestyle factors that were classified and dichotomized as follows: coffee (none vs. any: < 1 cup per week/ < 1 cup per day/ 1 cups per day), alcohol (none: nothing vs. any: < 1 glass per month/ < 1 glass per week/ 1 glasses per day), smoking (no vs. yes: seldom/once per week/several times per week/daily), and physical inactivity (How often do you do sport outside school?-yes: never/ less than once a week vs. no: once a week/2/3/4/5/6/7 times a week). Muscle pain was assessed by the yes-no question: "Do you feel pain in the head, neck, or shoulder?" For the measurement of chronic stress experience, the 12-item Screening Scale of Chronic Stress (SSCS) was used which is part of the self-report instrument Trier Inventory of Chronic Stress (57 items in total). 33 The SSCS incorporates items from five different dimensions: chronic worries, school and social overload, pressure to succeed, and lack of social recognition. For each item, the frequency of personal experience within the past 3 months had to be indicated on a 5-point Likert scale from 0 (never) to 4 (very often). For the performed analyses, the results from the SSCS were dichotomized and used as the variable chronic stress (above average SSCS score vs. normal/ below average) (see also the studies by Milde-Busch et al Further questions concerned potentially confounding variables such as sex (female and male), grade (10th and 11th), and socioeconomic variables. The following socioeconomic variables were considered: students own income (nothing vs. any), monthly pocket money (dichotomized as 50 Euro per month or less vs. more than 50 Euro per month), and questions on parents' employment status, which were categorized into full-time versus not full-time, separately for student's mother and father.
Statistical Analyses
The prevalence of headache types, health complaints, and risk factors was calculated. The analyses stratified for type of headache and sex were conducted. Differences and associations between categorical variables were tested by using 2 tests and p values less than 0.05 were considered to indicate a significant difference. To analyze the strength of associations of possible risk factors with headache, separate logistic regression models, adjusted for sex, grade, and socioeconomic variables as potential confounders, were performed for the following outcomes: isolated headache, any of the five health complaints, and any headache in combination with any of the five health complaints (each comparing against no complaints). The following six potential risk factors functioned as independent variables: smoking; consumption of coffee or alcoholic mixed drinks; physical inactivity; muscle pain in the head, neck, or shoulder region; and chronic stress. To account for multiple testing, Bonferroni correction was applied to tests of the logistic regression models, separately for each of the six potential risk factors (adjusted significance level α: 0.05/6 ¼ 0.0083). All p values less than 0.0083 were considered to indicate a significant association. The adjusted odds ratios (OR) with 95% confidence intervals (CI) were estimated. For all analyses, SAS software package (version 9.2, SAS Institute Inc. Cary, North Carolina, United States) was used.
Results
Characteristics of the Study Population
Altogether, 1,818 adolescents were invited for participation in the study. At the day of data collection, 1,504 adolescents (82.7%) were present at school. The causes for absence were suffering from seasonal infectious diseases or participating in school activities somewhere else. Overall, 1,426 of these students (94.8%) actually filled in the questionnaire. Because of missing values in relevant socioeconomic variables, 166 questionnaires had to be excluded from analyses. Students with excluded questionnaires did not significantly differ from remaining subjects with respect to the headache prevalence. 29 Finally, questionnaires from 1,260 students from the grades 10 and 11 (age range between 14 and 20 years, mean age 16 AE 0.9 years) entered the statistical analyses. Of the included participants, 56.4% were female and 43.6% male; 51.7% attended the 10th grade and 48.3% the 11th grade. Grade was used as an equivalent for age (mean age of those in 10th grade 15.6 years and of those in 11th grade 16.7 years). Details on invited students and participation rates have been described elsewhere in detail.
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Prevalence of Headache Types and Other Health Complaints
In total, 1,047 students (83.1%) suffered from any headache at least once during the last 6 months. From all headache sufferers, 12.3% were classified as pure migraine, 58.6% as pure TTH, 23.8% as any migraine plus any TTH, and 5.3% as any MH. The frequency of any of these headache types was higher in female adolescents than in male adolescents (p < 0.001, MH: p ¼ 0.035). The distribution of other health complaints is illustrated in ►Table 1. Almost all of the reported health complaints were significantly more frequently reported by female than by male adolescents (p < 0.001). The most common health complaints pertained to musculoskeletal pains (58.4%), psychic complaints (47.9%), possible fatigue syndrome (27.7%), dizziness (27.1%), and abdominal pain (24.3%). In total, there were 93 of all 1,260 students (7.4%) neither reporting headache nor any of the above-mentioned health complaints at all. The male to female ratio among these was 4:1 (p < 0.001).
Among the 1,047 adolescents with headache 188 (18.0%) did not report any other health complaints and thus were assigned to the category isolated headache (►Table 2). Most of these individuals with isolated headache had pure TTH (78.2%).
The most frequently associated complaints with headache were musculoskeletal pains (57.0 to 76.0%) and psychic complaints (45.6 to 69.0%). Identical patterns of combinations were noticeable for combinations of other health complaints for pure migraine and for migraine and TTH; whereas, pure TTH was less often associated with other health complains (►Table 2).
Frequency of Possible Risk Factors
The consumption of alcoholic mixed drinks (61.3%) and coffee (55.2%) was widespread (►Table 3). In total, 26.6% of the students stated they smoke and 24.4% to be physically inactive. For 20.4% of all students, an SSCS score above average was found and 47.6% described to have muscle pain in the head, neck, or shoulder region. More female than male adolescents reported drinking coffee; to be physically inactive; to have an above-average SSCS score; and to have muscle pain in the head, neck, or shoulder region (p < 0.001). No differences for the sex variable were found for the consumption of alcoholic mixed drinks and smoking. Significantly more students with headache than students without headache reported to consume coffee or alcoholic mixed drinks, to have an above-average SSCS score, and to have muscle pain (p 0.002). Significantly more students with health complaints (excluding headache) than students without health complaints at all stated physical inactivity, chronic stress, and muscle pain (p 0.002) (►Table 3). The detailed distribution of dietary and lifestyle factors in the study population and their associations with the adjustment variables sex, grade, and socioeconomic variables can be found elsewhere. 28 The prevalence of the analyzed six risk factors among adolescents with any headache was higher than in those reporting any of the five other health complaints alone (►Table 3).
Associations between the Possible Risk Factors and Headache and Other Health Complaints
Only among the adolescents with a combination of any headache and other health complaints were significant associations observed for all assessed risk factors except for the consumption of alcoholic mixed drinks. The strength of the associations with the considered risk factors was very similar in all three analyzed strata (isolated headache, any of the five health complaints, and the combination of both) with the exception of considerably lower OR for the associations between isolated headache and chronic stress or muscle pain (►Table 4). Because most cases of isolated headache were adolescents with TTH, we hypothesized that the absence of an association was related to TTH. Indeed, no significant associations to neither of the potential risk factors could be seen for isolated TTH (data not shown).
Discussion Key Findings
Only 18% of the individuals with headache reported isolated headache. The identified risk factors, smoking; consumption of coffee or alcoholic mixed drinks; physical inactivity; chronic stress; and muscle pain in the head, neck, or shoulder, were not specific for headache in adolescents but appeared to be related to a broader array of other health complaints in adolescents. The apparently low or absent associations of chronic stress and muscle pain to isolated headache are likely to be a reflection of the fact that isolated TTH, which accounted for most of the cases with isolated headache, is apparently not at all or not strongly associated with muscle pain and chronic stress. Specificity of Risk Factors for Headache in Adolescents Lehmann et al. There are many publications that have addressed comorbidities with headache such as abdominal pain, 4, [15] [16] [17] [18] musculoskeletal (back, neck, or shoulder) pains, 4, 15, 18 vertigo, 16, 19 sleep problems, 15, 17, 19, 20 or tiredness. 19 Our findings are in line with these observations. Interestingly, however, isolated TTH accounted for most of the cases of isolated headache, suggesting that migraine might be more often related to other health complaints than TTH. The weak associations of chronic stress; muscle pain in the head, neck, or shoulder region; the consumption of coffee or alcoholic mixed drinks; and smoking with isolated headache is mainly a reflection of the weak association between isolated TTH and these risk factors. To our knowledge, the associations between possible risk factors and isolated primary headache (types)-explicitly excluding other health complaints-have not been investigated previously.
Strength and Limitations
Our study is one of the few population-based studies investigating headache in adolescents focusing on generally healthy persons, conducted in schools and not in a clinical setting. The participation rate was high (94.8%) and only a small number of questionnaires had to be excluded (11.6%). The large number of participants made it possible to distinguish between different headache types and perform subgroup analyses.
The headache prevalence is especially high among students aiming at higher education. 3 The external validity is limited because the participants attending grammar schools in the German city of Munich, Bavaria, and belong to families with a relatively high socioeconomic status. The classifications of headache types and other health complaints were not validated by a physician's diagnosis but were based according to the responses of the participants in the questionnaire that contained established instruments (criteria of the ICHD-II, complaints list from von Zerssen). Only health complaints that were most frequently described by the participants were included in further analyses. Besides headache, dizziness, and abdominal pain, common health complaints were summarized on the basis of medical or psychological coherence into three different complaint group.
In cross-sectional studies, exposure and disease are recorded at the same time. Hence, only statistical associations can be studied, but no temporal relations. A discussion of further strengths and limitations of the present crosssectional study can be found elsewhere. 
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Conclusion
In adolescents isolated headache appears to be rather the exception than the rule. This pertains particularly to pure migraine and migraine þ TTH, suggesting that migraine mainly reflects a prominent symptom within a complex of health complaints related to, for example, stress and other risk factors. This concept is further supported by the observation that risk factors were proved to be nonspecific for isolated TTH, which accounted for the most cases of isolated headache. Only among adolescents presenting a combination of headache and other health complaints significant associations could be seen for almost all analyzed risk factors. Interventions, therefore, should consider a holistic approach focusing not only on headache but also on a broader spectrum of health complaints.
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